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设 Γ是一个群，χ是一个从 Γ到 C∗的群同态，我们从任一有限维单对合结
合代数上的有限阶自同构出发定义了一个对应的李代数。这类李代数在同构意






仿射李代数的 Fermion场表示最早在文献 [1]和 [2]中分别给出。之后，对所有
的典型仿射代数，Feingold-Frenkel在文献 [3]中都给出了它们的 Fermion场和
Boson场表示。在本文的第三章中，我们利用 Feingold-Frenkel文章中的方法给
出了所有典型 Γ-仿射李代数的 Fermion场和 Boson场表示。
仿射 Kac-Moody 代数的第一种顶点算子构造，称为主构造，首先是在文






一个 Zν 的偶子格以及 Zν 上一个保持该偶格不变的有限阶等距同构出发，构
造了一族扭 Γ̃-顶点算子，这里 Γ̃ ⊂ C∗ 是群 Γ 在同态 χ 下的象。我们证明了
这些算子在它们作用的 Fock空间上给出了典型 Γ-仿射李代数的一个顶点算子





















系。这可以看做经典 Boson-Fermion对应的一个自然推广。事实上当 Γ = {1}
时，通过选取适当的对合，我们得到了 Frenkel在文献 [17]中给出的顶点算子


















Let Γ be a group which admits a group homomorphism χ : Γ → C∗. Starting from
any arbitrary finite order automorphism of a given finite dimensional simple involutive
associative algebra, we introduce a class of Lie algebras twisted by the automorphism
and the group Γ. It is proved that, up to isomorphism, there are only seven classes
of such Lie algebras, which are called the classical Γ-affine Lie algebras. We remark
that if Γ = {1}, these algebras are just the well-known classical affine Lie algebras.
We also show that the untwisted classical Γ-affine Lie algebras can be associated with
some Γ-vertex algebras in a similar way as the untwisted affine Lie algebras associated
with vertex algebras.
One of striking discovery in the representation theory of affine Kac-Moody alge-
bras was the explicit constructions for the irreducible highest weight representations,
such as by vertex operator constructions, fermionic and bosonic constructions. The
fermionic representations of orthogonal affine Lie algebras were first studied in [1],
and [2] independently. A more general construction was developed by Feigngold and
Frenkel [3], in which the fermionic and bosonic realizations for all the classical affine
Lie algebras were given. In Chapter 3 of this thesis, we generalize the construction
given in [3] to get fermionic and bosonic representations for all classical Γ-affine Lie
algebras.
The first vertex operator construction, called principal, was developed in [4] and
generalized in [5]. The next vertex operator construction, called homogenous, was
given in [6], and [7] independently. A general construction of all the previous vertex
operator constructions for the affine Lie algebras was given in [8] by constructing the
twisted vertex operators associated with arbitrary even lattices equipped with isometry.
In Chapter 4 of this thesis, we construct a class of twisted Γ̃-vertex operators over any
even sublattice of Zν and any isometry of Zν which preserves the sublattice, where
Γ̃ ⊂ C∗ is the image of the homomorphism χ. Based on the commutators of the
twisted Γ̃-vertex operators, we present representations for Γ-affine Lie algebras. This
construction generalizes a number of known vertex operator constructions, including
that for twisted affine Kac-Moody algebras of types A,D ([8]), the trigonometric Lie
algebras of series A and B ([9, 10]), extended affine Lie algebras of type A ([11–14]),
unitary Lie algebras ([16]) and BC-graded Lie algebras ([15]).
In [17], Frenkel established a correspondence between the vertex operator repre-














called the boson-fermion correspondence. In the last chapter of this thesis, we give
the vertex operator and fermionic representations for a series of involutive orthogo-
nal Γ-affine Lie algebras and establish a boson-fermion correspondence for these two
representations. This can be viewed as a natural generalization of the classical boson-
fermion correspondence. In fact when Γ = {1}, by choosing suitable involutions, our
result recover the vertex operator and fermionic representations presented in [17], and
the vertex representations for affine Lie algebras of type D given in [18]. Moerover, we
obtain a fermionic representation which is isomorphic to the vertex operator represen-
tation obtained in [18].
Key Words: classical Γ-affine Lie algebras, vertex operator representations,
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